Background-Since the 1980s, antifibrinolytic therapies have assisted surgical teams in reducing the amount of blood loss.
I ntraoperative bleeding and postoperative bleeding are frequent and often serious complications of cardiac surgery. Two thirds of patients having coronary artery bypass surgery are transfused with packed red blood cells (pRBCs). Cardiac surgery patients receive Ϸ20% of all pRBCs used in the United States. 1 Blood transfusion benefits patients, but it is not without risk. Chelemer et al 2 showed that each unit of pRBCs was associated with an increase in the incidence of bacterial infections. Speiss 3 described the typical unit of pRBCs: the low pH, high potassium level, and limited ability to deliver oxygen to tissue. Others suggested that less transfusion may be equally effective 4 and that there may be long-term adverse effects of blood transfusion. 5
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Three drugs used to decrease blood loss and the need for transfusion are in clinical use. -Aminocaproic acid (Amicar, Xanodyne Pharmaceuticals, Inc, Newport, Ky) inhibits fibri-nolysis by the inhibition of plasminogen inhibitors and, to a lesser degree, through antiplasmin activity. Tranexamic acid (Cyklokapron, Pharmacia & Upjohn Co, Piscataway, NJ) is similar in action to -aminocaproic acid but is Ϸ10 times more potent. Aprotinin is a natural serine protease inhibitor (Tasylol, Bayer Pharmaceuticals Corp, West Haven, Conn) that affects multiple mediators, resulting in the attenuation of inflammatory responses, fibrinolysis, and thrombin generation.
These antifibrinolytic agents have been studied in hundreds of randomized trials, yet questions remain. An observational study by Mangano et al 6, 7 found that aprotinin was associated with increased risks of adverse cardiovascular, cerebrovascular, and renal outcomes. In a recent letter to the editor of the New England Journal of Medicine, we reported the results of a meta-analysis of the renal outcomes of aprotinin versus placebo. 8 Subsequently, we extended this meta-analysis to include -aminocaproic acid and tranexamic acid. We summarized the effects of these agents compared with placebo and in head-to-head comparisons. The metrics included bleeding volume, transfusion rate, and adverse events, including mortality, stroke, myocardial infarction, and renal dysfunction (insufficiency and dialysis-dependent failure).
Methods

Study Selection
We conducted a meta-analysis of randomized controlled trials including adult coronary artery bypass (CABG), isolated valve, or combined CABG/valve surgery. Both primary operations and reoperations were included in this analysis. OVID/Medline was used to identify published randomized controlled trials from 1985 through July 2006. Key words used to search included trasylol or aprotinin, aminocaproic acid or amicar, tranexamic acid, cardiac surgery or thoracic surgery, coronary artery bypass, or valve. The search yielded 242 published human randomized controlled trials. The search was further limited to the English language (226) and adults (185). Among the 185 studies remaining, 38 did not report outcomes of interest, and 9 were excluded for pump-only fibrinolytic therapy, leaving 138 trials with outcomes of interest to this meta-analysis ( Figure 1 ). 9 -146 We abstracted data from the trials on 8 outcomes, including bleeding (intraoperative and postoperative blood loss was recorded in milliliters); the proportion of patients transfused with pRBCs; the proportion of patients returning to the operating room for reexploration; adverse events, including mortality, stroke, and myocardial infarction; and renal complications stratified by dialysis-dependent renal failure and renal dysfunction (0.5-mg/dL increase in creatinine). We defined renal failure as new onset of dialysis. There was 1 exception to this rule: Dialysis-dependent renal failure was not reported, but a Ն2.0-mg/dL increase in creatinine was reported, which we defined as a renal failure and occurred in 1 study. Renal dysfunction was defined as a Ն0.5-mg/dL increase in creatinine.
We followed the appropriate methods for conducting a meta-analysis as stipulated in the Consolidated Standards of Reporting Trials (CONSORT) statement. 147 Two independent reviewers selected trials for information outcomes and recorded data on spreadsheets. Jadad criteria were assessed and tabulated with study characteristics (see the Table in the online Data Supplement) . 148 Outcomes were stratified by Jadad score and were determined not to influence the results. Funnel plots were generated to evaluate possible publication bias. Patterns of bias were observed for high-and low-dose aprotinin with regard to total blood loss and the proportion of patients transfused with pRBCs. Patterns of bias also were observed for aminocaproic acid and tranexamic acid for the proportion of patients transfused with pRBCs. None of the other funnel plots by agent and outcome indicated evidence of publication bias.
To control for the dosing effect of aprotinin, we stratified our analysis by high-and low-dose aprotinin (as suggested by the manufacturer). High-dose (also referred to as full-dose) aprotinin consisted of a 2 million kallikrein-inhibiting units (KIU) IV loading dose, 2 million KIU pump-priming dose, and 0.5 million KIU IV/h maintenance dose. Low-dose (also referred to as half-dose) aprotinin consisted of a 1 million KIU IV loading dose, 1 million KIU pump-priming dose, and 0.25 million KIU IV/h maintenance dose. Cardiopulmonary bypass pump-only aprotinin was not included in our analysis because there were insufficient data (8 studies) to report outcomes of interest.
-Aminocaproic acid dosing varied from trial to trial but was consistent within each trial. We stratified our analysis by dividing the doses into high and low strata. We discovered that there was no significantly different effect between the high-and low-dosing categories for -aminocaproic acid. Therefore, we report the summary effect of all dosing of -aminocaproic acid.
Tranexamic acid dosing varied from trial to trial. After stratification analysis into 2 groups (high or low dose), we discovered that there was no significant difference in the effect of high-dose versus low-dose tranexamic acid. We report the summary effects for tranexamic acid for all dosing together.
There were 22 published trials reporting on "head-to-head" comparisons, ie, each agent compared with a competing agent. We compared aprotinin with tranexamic acid (15 studies), aprotinin with -aminocaproic acid (9 studies), and -aminocaproic acid with tranexamic acid (5 studies). All head-to-head comparisons involving aprotinin used high-dose aprotinin.
Statistical Analysis
All outcome comparisons and treatment effects were calculated with the Cochrane Collaborative software, RevMan 4.2.8. Effect modification was assessed by the Mantel-Haenszel test of homogeneity across subcategories of procedure type (CABG, CABG/valve, and valve) and for high and low dosing for -aminocaproic acid and tranexamic acid. In addition, we calculated the I 2 to evaluate the percentage of heterogeneity among all the trials incorporated into the summary estimate. 149 To control for heterogeneity, we used randomeffects modeling. The weighted mean difference (WMD) and 95% CIs were calculated for continuous data (total blood loss in milliliters). For all dichotomous data (proportion of patients transfused with pRBCs, return to operating room/reexploration, stroke, mortality, myocardial infarction, renal failure, and renal dysfunction), relative risk (RR) and 95% CIs were calculated for each independent study and for the summary statistic. If any single cell (either in treatment or control) had no events, the software automatically added 0.5 to maintain its contribution in the analysis. Any study reporting no events in both the treatment and control groups was not included in the summary statistic calculation. The analysis was divided into 2 parts. First, each agent was compared with placebo. Second, a head-to-head analysis was done to compare each agent with a competing agent. Methods for the calculation of the above statistics have been reported previously. 150, 151 The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Study Selection
There were 138 randomized controlled trials that reported outcomes of interest to this meta-analysis: total blood loss, proportion of patients transfused with pRBCs, return to operating room/reexploration, stroke, mortality, myocardial infarction, and renal failure or dysfunction complications. For placebo-controlled studies, there were 78 high-dose and 32 low-dose aprotinin studies, 18 -aminocaproic acid studies, and 31 tranexamic acid studies. For head-to-head comparative studies, there were 15 aprotinin versus tranexamic acid, 9 aprotinin versus -aminocaproic acid, and 5 -aminocaproic acid versus tranexamic acid studies. We found no evidence for effect modification by procedure type for all agents or for dosing effects for -aminocaproic acid or tranexamic acid.
Placebo Comparisons
Bleeding
Comparisons of antifibrinolytic agents with placebo by outcomes and effect estimates are reported in Table 1 . Patients receiving either high-or low-dose aprotinin, -aminocaproic acid, or tranexamic acid had considerably less total blood loss compared with placebo-controlled patients ( Figure 2 ). Patients receiving high-dose aprotinin on average lost 348 mL (95% CI, Ϫ416 to Ϫ281; PϽ0.001) less blood than did their counterparts receiving placebo. Low-dose aprotinin (6 studies, 515 patients) reduced total blood loss by 226 mL on average (95% CI, Ϫ277 to Ϫ175 mL; PϽ0.001).
-Aminocaproic acid resulted in 240 mL less blood loss (95% CI, Ϫ341 to Ϫ140 mL; PϽ0.001), and tranexamic acid resulted in 285 mL less blood loss (95% CI, Ϫ394 to Ϫ175 mL; PϽ0.001).
All antifibrinolytic agents were significantly effective at reducing the proportion of patients requiring transfusion of pRBCs compared with placebo-controlled patients ( Figure 3 ). Patients treated with high-dose aprotinin had a 40% reduced rate of transfusion compared with placebo-controlled patients (RR, 0.60; 95% CI, 0.53 to 0.67; PϽ0.001). A 24% reduced rate of transfusion (RR, 0.76; 95% CI, 0.66 to 0.86; PϽ0.001) was observed for patients treated with low-dose aprotinin.
-Aminocaproic acid reduced the rate of transfusion by 37% (RR, 0.63; 95% CI, 0.44 to 0.90; Pϭ0.010). Tranexamic acid reduced the rate of transfusion by 25% (RR, 0.75; 95% CI, 0.60 to 0.92; Pϭ0.007).
High-dose aprotinin significantly reduced the rate of reexploration by 51% (RR, 0.49; 95% CI, 0.33 to 0.73; PϽ0.001) compared with placebo. Low-dose aprotinin did not significantly reduce the rate for reexploration compared with placebo-treated patients (RR, 0.69; 95% CI, 0.41 to 1.18; Pϭ0.18). Neither -aminocaproic acid (RR, 0.51; 95% CI, 0.15 to 1.82; Pϭ0.30) nor tranexamic acid (RR, 0.70; 95% CI, 0.44 to 1.11; Pϭ0.12) significantly reduced the rate of reexploration compared with placebo-controlled patients. However, all agents demonstrated a trend toward reduced rates of reexploration with similar summary effect measures.
Adverse Outcomes
Adverse outcomes, including mortality, stroke, and myocardial infarction, are reported in Figure 4 and Table 1 . Fortythree studies reported adverse outcomes for high-dose aprotinin; 16 studies reported adverse outcomes for low-dose aprotinin. There were 8 studies for -aminocaproic acid and 18 studies for tranexamic acid.
There were no statistically significant risks or benefits for any of these antifibrinolytic agents with regard to mortality, stroke, or myocardial infarction (Table 1 and Figure 4 ). High-dose aprotinin did not significantly protect patients from mortality or place patients at risk of death (RR, 0.89; 95% CI, 0.65 to 1.21; Pϭ0. 46) . There was no mortality risk or benefit for low-dose aprotinin (RR, 1.37; 95% CI, 0.72 to 2.59; Pϭ0.34), -aminocaproic acid (RR, 1.82; 95% CI, 0.55 to 5.98; Pϭ0.3240), or tranexamic acid (RR, 0.67; 95% CI, 0.33 to 1.37; Pϭ0.28). There was no significant risk or benefit for stoke as observed for high-dose aprotinin (RR, 0.67; 95% CI, 0.30 to 1.47; Pϭ0.32), low-dose aprotinin (RR, 0.47; 95% CI, 0.09 to 2.36; Pϭ0.36), -aminocaproic acid (RR, 0.60; 95% CI, 0.13 to 2.81; Pϭ0.52), or tranexamic acid (RR, 1.31; 95% CI, 0.59 to 2.93; Pϭ0.51). There was no significant risk or protection against myocardial infarction from any of the antifibrinolytic agents: high-dose aprotinin (RR, 1.10; 95% CI, 0.83 to 1.45; Pϭ0.52), low-dose aprotinin (RR, 0.94; 95% CI, 0.58 to 1.54; Pϭ0.82), -aminocaproic acid (RR, 1.14; 95% CI, 0.50 to 2.60; Pϭ0.76), or tranexamic acid (RR, 0.94; 95% CI, 0.51 to 1.74; Pϭ0.85). Antifibrinolytic therapies do not place patients at increased risk of mortality, stroke, or myocardial infarction, nor do they demonstrate a significant protective effect.
Renal Complications
No agent demonstrated a significant increased risk of dialysis-dependent renal failure ( Figure 5 ): high-dose aprotinin (RR, 1.09; 95% CI, 0.68 to 1.77; Pϭ0.71), low-dose aprotinin (RR, 1.86; 95% CI, 0.07 to 49.26; Pϭ0.71), and tranexamic acid (RR, 1.43; 95% CI, 0.30 to 6.85; Pϭ0. 66 ). There were no renal outcomes reported for -aminocaproic acid. However, as previously shown, 8 high-dose aprotinin resulted in a 47% increased risk of renal dysfunction (RR, 1.47; 95% CI, 1.12, 1.94; Pϭ0.006), defined as a Ն0.5mg/dL increase in creatinine from baseline. No increase in the risk of renal dysfunction was observed for low-dose aprotinin (RR, 1.01; 95% CI, 0.69 to 1.49; Pϭ0. 96 ). There were no trials reporting renal dysfunction with -aminocaproic acid to include in this analysis. There was no statistically significant risk of renal dysfunction observed with tranexamic acid (RR, 2.02; 95% CI, 0.73 to 5.60; Pϭ0.18), although a nonsignificant trend toward renal dysfunction was observed.
Stratified Analysis
We investigated the possibility that results stratified by the type of procedure (eg, CABG, CABG/valve, valve only) could affect the results. We compared each agent with placebo for the proportion of patients transfused with pRBCs. High-dose aprotinin stratified by procedures resulted in similar summary estimates: RR, 0.60, 95% CI, 0.53 to 0.67 (all procedures); RR, 0.62, 95% CI, 0.55 to 0.70 (CABG); RR, 0.44, 95% CI, 0.34 to 0.59 (CABG/ valve); and RR, 0.41, 95% CI, 0.21 to 0.80 (valve). Low-dose aprotinin estimates were similar across procedure type: RR, 0.76, 95% CI, 0.66 to 0.86 (all); RR, 0.75, 95% CI, 0.64 to 0.88 (CABG); RR, 0.87, 95% CI, 0.78 to 0.97 (CABG/valve); and RR, 0.89, 95% CI, 0.58 to 1.37 (valve). -Aminocaproic acid resulted in similar estimates across procedures: RR, 0.63, 95% CI, 0.44 to 0.90 (all); RR, 0.60, 95% CI, 0.39 to 0.91 (CABG); and RR, 0.77, 95% CI, 0.35 to 1.70 (CABG/valve), with no estimates for valve surgery. Tranexamic acid stratified by procedure type showed similar results with the exception of valve surgery: RR, 0.75, 95% CI, 0.60 to 0.92 (all); RR, 0.75, 95% CI, 0.57 to 0.98 (CABG); RR, 0.69, 95% CI, 0.48 to 0.98 (CABG/valve); and RR, 1.40, 95% CI, 1.17 to 1.69 (valve). When stratified by the type of procedure, the estimates were similar. Tranexamic acid had a significantly increased risk for the proportion of patients transfused with pRBCs among valve-only procedures; however, this was not observed for total blood loss by procedure type. 
Head-to-Head Comparisons
Bleeding Head-to-head comparisons of antifibrinolytic agents are reported in Table 2 . High-dose aprotinin resulted in 195 mL less total blood loss compared with tranexamic acid (95% CI, Ϫ286 to Ϫ105 mL; PϽ0.001). High-dose aprotinin resulted in 184 mL less total blood loss compared with -aminocaproic acid (95% CI, Ϫ256 to Ϫ112 mL; PϽ0.001; Figure 6 ). -Aminocaproic acid and tranexamic acid did not differ significantly in total blood loss (WMD, Ϫ64 mL; 95% CI, Ϫ214 to 85 mL; Pϭ0.40).
High-dose aprotinin did not significantly reduce the rate of transfusion compared with tranexamic acid (RR, 0.81; 95% CI, 0.60 to 1.09; Pϭ0.17) or -aminocaproic acid (RR, 0.93; 95% CI, 0.71 to 1.22; Pϭ0.60). There was no significant difference in the rate of transfusion when -aminocaproic acid was compared with tranexamic acid (RR, 0.81; 95% CI, 0.49 to 1.34; Pϭ0.41). High-dose aprotinin did not significantly reduce the rate of reexploration compared with tranexamic acid (RR, 0.90; 95% CI, 0.50 to 1.63; Pϭ0.73) or -aminocaproic acid (RR, 1.04; 95% CI, 0.40 to 2.72; Pϭ0.94). There was no statistically significant difference in the rate of reexploration when -aminocaproic acid was compared with tranexamic acid (RR, 0.72; 95% CI, 0.20 to 2.56; Pϭ0.62).
Adverse Outcomes
There were no statistically significant differences for highdose aprotinin over tranexamic acid or -aminocaproic acid in reducing mortality, stroke, or myocardial infarction ( 79 ). -Aminocaproic acid did not significantly differ from tranexamic acid in terms of stroke (RR, 0.33; 95% CI, 0.03 to 3.10; Pϭ0.33) or myocardial infarction (RR, 1.00; 95% CI, 0.29 to 3.46; Pϭ1.00).
Overall, there was no significant difference among antifibrinolytic agents with regard to mortality, stroke, or myocardial infarction. There is no demonstrated risk or benefit of 1 agent over another.
Renal Complications
Published studies reporting on head-to-head comparisons for renal failure and renal dysfunction outcomes were rare. One study that compared high-dose aprotinin with tranexamic acid reported renal failure outcomes. Two studies of the same comparison reported renal dysfunction outcomes ( Table 2) . There was no significant difference in renal failure between high-dose aprotinin and tranexamic acid (RR, 1.01; 95% CI, 0.36 to 2.85; Pϭ0.99). 34 Renal dysfunction was not signifi- Figure 2 . Total blood loss by antifibrinolytic agent compared with placebo. The WMD of total blood loss (mL) by antifibrinolytic agent, each compared with placebo. WMD (diamond) and 95% CIs (horizontal bars) summarize the effect using a random-effects model. All antifibrinolytic effects are to the left of the 0, representing a significant reduction in total blood loss over placebo.
cantly different between high-dose aprotinin and tranexamic acid (RR, 1.07; 95% CI, 0.55 to 2.10; Pϭ0.84). 34, 152 One head-to-head study compared low-dose aprotinin with -aminocaproic acid in 100 patients and reported no renal dysfunction events. 153 No studies that reported renal outcomes compared -aminocaproic acid with tranexamic acid.
Discussion
In this meta-analysis of published randomized clinical trials of antifibrinolytic agents, we found that aprotinin, -aminocaproic acid, and tranexamic acid all reduce total blood loss and rates of transfusion in cardiac surgery compared with placebo. Although only high-dose aprotinin significantly reduced reexploration rates, there was a similarly protective effect observed for all of the agents. There were no significant effects of the drugs on mortality, stroke, or myocardial infarction. High-dose aprotinin, however, was associated with a significant increase in rates of renal dysfunction (12.9% versus 8.4%). 8 The present study adds 5 years and nearly doubles the number of studies included in previously reported meta-analyses on this topic. Our analysis included all cardiac surgery procedures, in contrast to the Sedrakyan et al 154 study, and analyzed the aprotinin trials stratified by dose, in contrast to the Cochrane Collaborative study. 150 Our results do not confirm the findings of Sedrakyan et al of a significant reduction in the risk of stroke among coronary bypass patients receiving aprotinin in either the combined results or those stratified according to procedure.
In contrast to the recently published observational study by Mangano et al, 6, 7 aprotinin did not significantly increase risks of mortality, stroke, myocardial infarction, or renal failure requiring dialysis in our meta-analysis of published trials. However, as we previously reported, 8 our results confirm the findings of Mangano et al 6 and Karkouti et al 155 of an increased risk of renal dysfunction among patients receiving aprotinin. We believe that these discrepancies between our findings and those of Mangano et al lie in the difference between observational and experimental study designs. The major limitation of observational cohort studies for evaluating treatment efficacy is confounding by indication, also known as treatment selection bias. Although standard statistical methods can be used to control for measured differences in prognosis between the treatment groups, confounding by unmeasured factors cannot be removed. Randomization deals Figure 4 . Adverse outcomes by antifibrinolytic agent compared with placebo. The RRs of adverse outcomes (mortality, stroke, and myocardial infarction) by antifibrinolytic agent vs placebo are plotted. The RR (diamond) and 95% CIs (horizontal bars) summarize the effect using a random-effects model. Effects left of 1.0 favor the antifibrinolytic agent over placebo; effects to the right favor placebo over antifibrinolytic agent. When the horizontal bars cross 1.0, the effect is not significantly different from the comparison group; this is the case for all agents for all adverse events (mortality, stroke, myocardial infarction) plotted here. effectively with both measured and unmeasured confounding; therefore, randomized trials are regarded as the most rigorous design for studying the effectiveness of alternative treatments. The downside of randomized trials is that they are conducted under such highly controlled, ideal circumstances that their results may not be applicable to usual clinical conditions. The Mangano et al study included samples drawn from consecutive cardiac surgery patients and found that those treated with antifibrinolytics were at higher risk for adverse outcomes than the untreated control patients. Patients included in the randomized trials summarized in this meta-analysis consisted of low-risk, elective patients whose antifibrinolytic treatments were randomly allocated.
The definition of renal dysfunction as a 0.5-mg/dL elevation in postoperative serum creatinine is widely accepted. It is the definition consistently used and reported in the trials and other cardiac surgery studies. Renal dysfunction defined in this way has been shown to increase the risk of 30-day mortality with cardiac surgery by 18-fold, demonstrating its usefulness as a metric in clinical trials. 156 With recent studies showing an increase in renal dysfunction in patients treated with aprotinin, some have raised the possibility that elevations in serum creatinine among aprotinin-treated patients may be artificial because of the accumulation of the drug in the proximal renal tubules, which does not occur among the lysine analogues. The Food and Drug Administration advisory panel reviewing the new evidence was not swayed by this argument, however, and has recommended labeling changes to alert physicians to the risks of kidney damage with the use of aprotinin. 157 
Brown et al Antifibrinolytic Meta-Analysis
Our findings should be interpreted in light of limitations that are common to all meta-analyses. In meta-analysis, heterogeneity is the term used to describe inconsistencies in outcomes between studies. One potential source of heterogeneity in this meta-analysis is the combination of trials that include patients undergoing different cardiac procedures or treated with different antifibrinolytic doses. To address these issues, we performed stratified analyses to assess the extent to which our results varied according to procedure type and aprotinin dose. Finding no important interactions, we present only the combined results but have included the raw data in an appendix (online Data Supplement), allowing interested readers to make a more detailed examination of the results.
Another limitation of meta-analysis is variability in the quality of the individual trials. In our study, 36 of the published trials included in this meta-analysis violated the intention-to-treat principle by excluding patients from the analysis after they had been randomized. Twenty-three trials excluded patients from the analysis for the occurrence of reexploration. Eighteen of those trials reported the study arm Figure 6 . Total blood loss by antifibrinolytic agent: head-to-head comparisons. The WMDs of total blood loss (mL) by antifibrinolytic agent compared head to head are plotted. WMD (diamond) and 95% CIs (horizontal bars) summarize the effect using a random-effects model. Aprotinin refers to high-dose aprotinin. The WMDs for aprotinin vs other antifibrinolytic agents are to the left of the 0, representing a significant reduction in total blood loss over tranexamic acid and -aminocaproic acid. The WMD for -aminocaproic acid vs tranexamic acid is to the left of 0, representing a reduction in total blood loss for -aminocaproic acid over tranexamic acid, but the horizontal line includes 0, denoting no significant difference. Figure 7 . Adverse outcomes by antifibrinolytic agents: head-to-head comparison. The RRs of adverse outcomes (mortality, stroke, and myocardial infarction) by antifibrinolytic agent compared head to head are plotted. The RR (diamond) and 95% CIs (horizontal bars) summarize the effect using a random-effects model. Effects left of 1.0 favor agent 1 over agent 2, where "agent 1 vs agent 2" is listed under the outcomes of interest; effects to the right favor agent 2 over agent 1. When the horizontal bars cross 1.0, the effect is not significantly different from the comparison group; this is the case for all comparisons plotted here. from which the excluded patients (for reexploration) were derived. In our analysis, we reconciled these patients back to their originally assigned arms and included them in this meta-analysis on the intention-to-treat basis. However, 5 of 23 trials excluding patients for reexploration did not report which study arm the excluded patients were assigned; therefore, we were unable to reconcile those patients to their original arm. 140,158 -161 In the case of high-dose aprotinin, 2 of these 5 studies reported reexploration as an outcome. 159, 160 Both studies reported reexploration events for the placebo group but none for the aprotinin group despite the fact that some patients were excluded from the analysis for reexploration. In these 2 studies, there was concern about reporting bias. For this reason, we removed these studies from our reexploration analysis. Once removed, the summary effect (RR) changed from 0.47 (95% CI, 0.32 to 0.69; PϽ0.001) to 0.49 (95% CI, 0.33 to 0.73; PϽ0.001) and did not change the results.
One reason to perform a meta-analysis is that numerous small trials will be performed to evaluate the effectiveness of a treatment. By combining studies, we increase the power to evaluate rare adverse effects. We conducted a post hoc analysis to assess the power of this meta-analysis to evaluate some of the rare adverse outcomes reported and found it lacking. For example, the power of our study ranged from 0.05 for dialysis-dependent renal failure to 0.35 for stroke. This study would have required Ͼ80 000 patients in each treatment group to detect a significant difference in rates of dialysis-dependent renal failure. Renal dysfunction was the only adverse outcome for which we had sufficient power (0.85) to detect a significant difference between treatment groups.
In summary, we have conducted an updated meta-analysis, confirming previous findings of meta-analyses that captured only published clinical trials through 1998 151 and 2001. 150 We extended these findings by expanding the review of trials through July 2006 and by evaluating the dosing effect of aprotinin on blood loss and adverse outcomes. Our findings demonstrate that both high-and low-dose aprotinin, -aminocaproic acid, and tranexamic acid reduce total perioperative blood loss during cardiac surgery, reducing the need for transfusion. However, high-dose aprotinin results in less total blood loss than either of the competing antifibrinolytic agents and results in lower rates of reexploration. There was no difference among these agents in risks of mortality, stroke, myocardial infarction, or renal failure, but high-dose aprotinin significantly increased the rates of renal dysfunction.
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